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REV 0 1 1.0 MICROSHIELD Dose Rate Calculations f o r HEPA F i l t e r s and P r e f i l t e r s One o f t h e tank v e n t i l a t i o n system accident scenarios i d e n t i f i e d i n t h e FSAR i s a f i l t e r blowout. f i l t e r blowout events, i t i s necessary t o know t h e r a d i o a c t i v e loading o f t h e f i l t e r s as a f u n c t i o n o f t h e f i l t e r contact dose r a t e . documents t h e f i l t e r dose c a l c u l a t i o n s which w i l l be used i n t h e Tank Farms FSAR. code (Grove 1992) . The BREMCALC computer code (Rittman 1992) was used t o determine t h e brem;$trahlung r a d i a t i o n source term f o r t h e important beta e m i t t e r s (90Sr and Y) as described i n Section 1.1. farms v e n t i l a t i o n systems. The SX Tank Farm v e n t i l a t i o n system consists o f 3 x 3 arrays o f 2 x 2 x 1 ft (0.61 x 0.61 x 0.3 m) f i l t e r s i n series. passively v e n t i l a t e d SSTs contain e i t h e r s i n g l e 1 x 1 x 1 ft (0.3 x 0.3 x 0.3 m) o r s i n g l e 2 x 2 x 1 ft (0.61 x 0.61 x 0.3 m) breather f i l t e r s i n series. The DST v e n t i l a t i o n system contains s i n g l e 2 x 2 x 1 ft (0.61 x 0.61 x 0.61 m) f i l t e r s i n series. The DCRTs contain s i n g l e 1 x 1 x 1 ft (0.3 x 0.3 x 0.3 m) f i l t e r s i n series. Each o f t h e v e n t i l a t i o n systems also contain p r e f i l t e r s , w i t h t h e exception o f t h e passively v e n t i l a t e d SSTs. The p r e f i l t e r s have t h e same cross sectional dimensions as t h e HEPA f i l t e r s i n t h e d i r e c t i o n o f a i r f l o w , however, t h e depth o f t h e p r e f i l t e r s are 2.5 i n (6.4 cm) versus 1 ft (0.3 in) f o r t h e HEPA f i l t e r s .
I n order t o determine t h e accident consequences f o r This calcnote
The c a l c u l a t i o n s were done using t h e MICROSHIELD Version 4 computer There are several HEPA f i l t e r and p r e f i l t e r arrangements i n t h e tank The Section 1.1 documents t h e contact dose r a t e c a l c u l a t i o n f o r a 3 x 3 array o f 2 x 2 x 1 ft (0.61 x 0.61 x 0.3 m) f i l t e r s loaded w i t h 1 c u r i e o f r a d i o a c t i v i t y t h a t o r i g i n a t e d from SST s o l i d waste. Section 1.2 documents t h e contact dose r a t e c a l c u l a t i o n f o r a s i n g l e 1 x 1 x 1 ft (0.3 x 0.3 x 0.3 m) breather f i l t e r loaded w i t h 1 c u r i e o f SST s o l i d waste. Section 1.3 documents t h e contact dose r a t e c a l c u l a t i o n f o r a s i n g l e 2 x 2 x 2 ft (0.61 x 0.61 x 0.61 m) breather f i l t e r loaded w i t h 1 c u r i e o f SST s o l i d waste. Section 1.4 documents t h e contact dose r a t e c a l c u l a t i o n f o r a s i n g l e 2 x 2 x 2 ft (0.61 x 0.61 x 0.61 m) f i l t e r loaded w i t h 1 c u r i e o f DST l i q u i d waste. documents t h e contact dose r a t e c a l c u l a t i o n f o r a s i n g l e 1 x 1 x 1 f t (0.3 x 0.3 x 0.3 m) DCRT f i l t e r loaded w i t h 1 c u r i e o f SST l i q u i d waste. Section 1.6 documents t h e contact dose r a t e c a l c u l a t i o n f o r a 3 x 3 array o f 2 ft x 2 ft x 2.5 i n (0.61 x 0.61 x 0.064 m) p r e f i l t e r s loaded w i t h 1 c u r i e o f SST s o l i d waste. c a l c u l a t i o n f o r a s i n g l e 2 ft x 2 ft x 2.5 i n (0.61 x 0.61 x 0.064 m) p r e f i l t e r loaded w i t h 1 c u r i e o f DST l i q u i d waste. contact dose r a t e c a l c u l a t i o n f o r a s i n g l e 1 ft x 1 ft x 2.5 i n (0.3 x 0.3 x 0.064 m) p r e f i l t e r loaded w i t h 1 c u r i e o f SST l i q u i d waste. Section 1.5 Section 1.7 documents t h e contact dose r a t e Section 1.8 documents t h e The f o l l o w i n g assumptions were made f o r t h i s analysis:
1) The waste m a t e r i a l i s assumed t o be homogeneously d i s t r i b u t e d throughout t h e f i l t e r volume.
'MICROSHIELD i s a r e g i s t e r e d trademark o f Grove Engineering, Inc. Figure   3 ) For t h e SX Tank Farm 3 by 3 f i l t e r configuration, a s i m p l i f i e d geometry was used. The 9 f i l t e r s which make up a 3 x 3 f i l t e r bank were modeled as a s i n g l e rectangular p a r a l l e l p i p e d w i t h a height o f 1.83 m (6 ft), a w i d t h o f 1.83 m (6 ft), and a depth o f 0.3 m (1 ft). From geometric considerations, on t h e average, gamma rays pass through about 5 thicknesses o f t h e aluminum frame, o r a t o t a l o f 1.016 cm (0.4 i n = 5 x 0.08 i n ) o f aluminum (see Section
2) Contact dose r a t e s correspond t o t h e detector l o c a t i o n s i n d i c a t e d on

1.1).
4) The MICROSHIELD runs o n l y included t h e radionuclides with major c o n t r i b u t i o n s t o t h e dose rates. This decision was based on t h e waste type loaded on t h e HEPA f i l t e r (e.g. , SST Liquids, SST Solids, DST Liquids, etc.) and t h e radionuclide concentrations associated w i t h t h a t waste type (see Table   1 ). 1 (page 8).
1.1
SX l a n k Farm Dose Rate C a l c u l a t i o n f o r 3 x 3 HEPA F i l t e r Arrangement (2 x 2 x 1 F i l t e r )
The HEPA f i l t e r s i n t h e a c t i v e l y v e n t i l a t e d SSTs are 0. The areal d e n s i t y o f t h e corrugated aluminum separators i s about 1.17E-08 g/cm2 (8.39E-02 l b / f t ' ) .
The t o t a l area o f t h e aluminum separators i s 29.8 m (321 f t ), which r e s u l t s i n about 3.48 kg (7.66 l b ) o f aluminum on each f i l t e r . I f t h i s m a t e r i a l i s assumed t o be homogeneously d i s t r i b u t e d throughout t h e e n t i r e f i l t e r volume, t h e density o f aluminum i s 0.03 g/cc, as shown below. The f o l l o w i n g describes t h e s i m p l i f i e d model developed f o r t h e 3 x 3 f i l t e r bank arrangement.
The 9 f i l t e r s which make up a 3 x 3 f i l t e r bank were modeled as a s i n g l e rectangular p a r a l l e l p i p e d w i t h a height o f 1.83 m (6 ft), a w i d t h o f 1.83 m (6 ft), and a depth o f 0.3 m (1 ft). The r a d i o a c t i v e source was asjumed t o be uniformly d i s t r i b u t e d throughout t h e e n t i r e volume (6 x 6 x 1 ft ). From geometric considerations, on t h e average, gama rays pass through about 5 thicknesses o f t h e aluminum frame, o r a t o t a l o f 1.016 cm (0.4 i n = 5 x 0.08 i n ) o f aluminum. The "contact" dose r a t e was assumed t o be measured a t a l o c a t i o n 1 ft from t h e bottom o f t h e f i l t e r bank, 0.15 m (0.5 ft) from t h e face o f t h e f i l t e r i n t h e d i r e c t i o n o f a i r f l o w , and 1.3 cm (0.5 i n ) o f f o f t h e side o f t h e f i l t e r .
by t h e requestor as t h e l o c a t i o n where contact readings are made f o r a 3 x 3 f i l t e r configuration.
Figure 1 i l l u s t r a t e s t h i s l o c a t i o n , which was i d e n t i f i e d Two MICROSHIELD runs were made because t h e source term consisted o f gama e m i t t e r s along w i t h beta e m i t t e r s which r e s u l t i n t h e production o f bremsstrahlung r a d i q t i o n . c o n t r i b u t i o n from l3 "' Ba andTb4Eu, which are t h e major gamma e m i t t e r s i n t h e source term. The second run was made t o c a l c u l a t e t h e dosep c o n t r i b u t i o n from bremsstrahlung r a d i a t i o n produced during t h e decay o f
OY.
The second run was necessary because MICROSHIELD does n o t generate t h e bremsstrahlung source term i n t e r n a l l y . t h e bremsstrahlung source term which was then fed i n t o MICROSHIELD t o estimate t h e dose r a t e . source term, however, t h e 3 radionuclides above are t h e major dose c o n t r i b u t o r s .
The f i l t e r was assumed t o be loaded w i t h a t o t a l o f 1 C i o f SST Solids, which has maximum sample a c t i v i t y concentration2 o f l.OE+ll Bq/L o f 13' Cs, 5.8E+09 Bq/L o f lS4Eu, and 1.6E+12 Bq/L each o f 'Sr and poY (see Table 1 ). The a c t i v i t y concentrations i n Table 1 were taken from Van Keuren (1996). As mentioned above, o t h e r beta and gama emitters present i n t h e SST Solids composite have n e g l i g i b l e dose c o n t r i b u t i o n s and were n o t included i n t h e mod 1. One g u r i e o f SST o f "Sr and ' Y, 0.0303 C i o f Cs, and 0.0017 C i o f 154E~. numbers were s l i g h t l y adjusted so t h a t t h e sum f o r t h e mixture t o t a l l e d 1 C i .
The r e # t i n g coptact dose r a t e from MICROSHIELD was 0.#4 mSv/hr (22.4 mR/hr) from S r and wY, o r a t o t a l o f 0.257 mSv/hr (25.7 mR/hr) per C i of SST S o l i d waste accumulated on t h e 3 x 3 f i l t e r bank. These c a l c u l a t i o n s assume t h e f i l t e r s are uniformly loaded, which introduces some uncertainty i n t h e r e s u l t s because t h e dose r a t e a t t h e side o f t h e f i l t e r s i s s e n s i t i v e t o t h e d i s t r i b u t i o n o f r a d i o a c t i v e material on t h e f i l t e r s contained i n t h e 3 x 3 array. considered an acceptable approach and w i t h i n t h e u n c e r t a i n t y o f t h e o v e r a l l c a l c u l a t i o n s . The photon fluence-to-dose conversion f a c t o r s used were t h e a n t e r i o r -t o -p o s t e r i o r i r r a d i a t i o n p a t t e r n as o u t l i n e d i n ANSI standard e f i r s t r u n was made t o c a l c u l a t e t h e dose Therefore, t h e BREMCALC computer code was used t o generate Note t h a t other beta and gamma e m i t t e r s are present i n t h e would therefore contain about 0. Note that although the filter media consists of borosilicate glass microfibers and aluminum sepabators, f8r simp1 icity the bremsstrahlung photon production rate used was for 'Sr and This w q done because the bremsstrahlung photon production rate for 1 Ci of "Sr and readily available (Savin0 1995). contains a model to approximate the bremsstrahlung radiation source term for a mixture. Using ISO-PC, the photon production rate from bremsstrahlung radiation was found to be slightly higher in the filter media than it gas in water for 1 Ci of WSr and Note that the dose contribution from Sr and is only 13% of the total, and since the end use of these dose rates is to back-calculate the activity on the filter given a contact dose rate, it is conservative to underestimate the bremsstrahlung contribution to the total dose. That is, the amount of material accumulated on the filter for a given contact dose rate will actually be lower than that predicted using the value calculated above (25.7 mR/hr/Ci). The phtkon production rate from BREMCALC is shown in Table 2 Once again, two MICROSHIELD runs were made because the source term consisted of gamma emitters and beta emitters which result in the production of bremsstrahlung radiation. The first run was made to calculate the dose contribution from second run was made to calculate the dose contribution from bremsstrahlung radiation produced during the decay of 90Sr/WY. The activities are the same as that described in Section 1.1. The photon production rate from BREMCALC is also the same as that described in Section 1.1 (see Table 2 Once again, two MICROSHIELD runs were made because the source term Dose rates were calculated at a consisted of gamma emitters and beta emitters which result in the production of bremsstrahlung radiation. The activities are the same as that described in Section 1.1. that described in Section 1.1 (see Table 2 ) .
The re ltin c tact dose rate from MICROSHIELD was 1 from t h e face o f t h e f i l t e r i n t h e d i r e c t i o n o f a i r f l o w , and 1.3 cm (0.5 i n ) o f f o f t h e side o f t h e f i l t e r .
By examining t h e maximum sample &,&tivity S4ncentrations f o r SST Liquids (see Table 1 ) i t i s evident t h a t only Eu need t o be accounted f o r because o f t h e higher a c t i v i t y c o n g n t r a t i o n s o f these two nuclides re1 a t i v e t o other gamma emitters. t h e i r c o n t r i b u t i o n t o t h e t o t a l dose i s neg&gible. One c u r i e o f ST Liquids would therefore contain about 0.9016 C i o f lo4 mR/hr).
Cs and W S r and Y are i n low enough concentrations t h a t Cs and 0.0984 C i o f ''4E~.
The r e s u l t i n g contact dose r a t e from MICROSHIELD was 130 mSv/hr (1.3 x 1.6 The p r e f i l t e r s i n t h e a c t i v e l y v e n t i l a t e d SSTs are 0.61 m (2 ft) long,
The MICROSHIELD output i s included i n t h e Appendix.
SX Tank Farm Dose Rate C a l c u l a t i o n f o r 3 x 3 P r e f i l t e r Arrangement (2 f t x 2 ft x 2.5 i n f i l t e r ) by 0.61 m (2 ft) wide, and 0.064 m (2.5 i n ) deep i n t h e d i r e c t i o n o f a i r f l o w .
The f i l t e r i s s i m i l a r t o a common home furnace f i l t e r w i t h light-weighted strands o f f i b r o u s material. The p r e f i l t e r s w i l l be modeled using t h e same m a t e r i a l c o n s t i t u e n t s as t h a t which was used f o r t h e HEPA f i l t e r s . This i s conservative since t h e p r e f i l t e r s a c t u a l l y have l e s s s h i e l d i n g than t h e HEPA f i l t e r s . r e s u l t s i n a greater amount o f r a d i o a c t i v e material being predicted t o have accumulated on t h e f i l t e r before a c e r t a i n dose r a t e i s reached.
3 f i l t e r s . The dose r a t e was assumed t o be measured a t a l o c a t i o n 1 ft from t h e bottom o f t h e f i l t e r bank, 0.032 m (1.25 i n ) from t h e face o f t h e f i l t e r i n t h e d i r e c t i o n o f a i r f l o w , and 1.3 cm (0.5 i n ) o f f o f t h e s i d e o f t h e f i l t e r .
consisted o f gamma e m i t t e r s and beta e m i t t e r s which r e s u l t i n t h e production o f bremsstrahlung r a d i a t i o n . The a c t i v i t i e s are t h e same as t h a t described i n Section 1.1. The photon production r a t e from BREMCALC i s a l s o t h e same as t h a t described i n Section 1.1 (see Table 2 ).
The r e l t i n c n t a c t dose r a t e from MICROSHIELD was 0. 96 mSv/hr (29.6 mR/hr) from '3yCs : d P54E~, and 0.045 mSv/hr (4.5 mR/hr) from "Sr and "Y, o r a t o t a l o f 0.34 mSv/hr (34 mR/hr) per C i o f SST S o l i d waste accumulated on t h e f i l t e r . The MICROSHIELD output i s included i n t h e Appendix.
This r e s u l t s i n lower predicted dose r a t e s f o r t h e p r e f i l t e r s , which
A f i l t e r bank i n t h e SST v e n t i l a t i o n system consists o f an array o f 3 x Once again, two MICROSHIELD runs were made because t h e source term 1.7 Dose Rate C a l c u l a t i o n -Single DST (2 f t x 2 f t x 2.5 in) P r e f i l t e r A s i m i l a r c a l c u l a t i o n was performed f o r a s i n g l e p r e f i l t e r loaded w i t h 1
The model geometry consisted o f a 0.61 x 0.61 x 0.064 m (2 ft x 2 ft x 2.5 i n ) p r e f i l t e r w i t h a 0.2 cm (0.08 i n ) t h i c k aluminum shield.
Dose r a t e s were calculated a t a l o c a t i o n 0.3 m (1 ft) from t h e bottom o f t h e f i l t e r bank, 0.064 m (1.25 i n ) from t h e face o f t h e f i l t e r i n t h e d i r e c t i o n o f a i r f l o w , and 1.3 cm (0.5 i n ) o f f o f t h e side o f t h e f i l t e r .
(see Table 1 ) i t i s evident t h a t only ' 7Cs needs t o be accounted f o r because o f t h e h b h a c t i v i t y concentration o f 137Cs r e l a t i v e t o o t h e r gamma emitters. WSr and Y are i n low enough concentrations t h a t t h e i r c o n t r i b u t i o n t o t h e &tal dose i s n e g l i g i b l e . The source a c t i v i t y was then taken t o be 1 C i o f
By examining t h e maximum sample q c t i v i t y concentrations f o r DST l i q u i d s
Cs which was d i s t r i b u t e d uniformly throughout t h e f i l t e r volume.
The r e s u l t i n g contact dose r a t e from MICROSHIELD was 61.0 mSv/hr (6.1 x 1.8
The DCRT p r e f i l t e r s are 0.3 m (1 ft) long, by 0.3 m (1 ft) wide, and 0.064 m (2.5 i n ) deep i n t h e d i r e c t i o n o f a i r f l o w . Calculations f o r a s i n g l e p r e f i l t e r loaded w i t h 1 C i o f SST l i q u i d s were performed s i m i l a r l y t o those above. The model geometry consisted o f a 0.3 x 0.3 x 0.064 m (1 ft x 1 ft x 2.5 i n ) p r e f i l t e r w i t h a 0.2 cm (0.08 i n ) t h i c k aluminum shield. Dose r a t e s were c a l c u l a t e d a t a l o c a t i o n 0.15 m (0.5 ft) from t h e bottom o f t h e f i l t e r bank, 0.032 m (1.25 i n ) from t h e face o f t h e f i l t e r i n t h e d i r e c t i o n o f a i r f l o w , and 1.3 cm (0.5 i n ) o f f o f t h e side o f t h e f i l t e r . lo3 mR/hr). The MICROSHIELD output i s included i n t h e Appendix. S i n g l e (1 ft x 1 ft x 2.5 in) DCRT P r e f i l t e r Dose Rate C a l c u l a t i o n By examining t h e maximum sample & $ t i v i t y qoncentrations f o r SST l i q u i d s (see Table 1 
) i t i s evident t h a t only
Cs and 5 4 E~ need t o be accounted f o r because o f t h e higher a c t i v i t y concentrations o f these two nuclides r e l a t i v e t o o t h e r gamma emitters. 90Sr and 'OY are i n low enough concentrations t h a t t h e i r c o n t r i b u t i o n t o t h e t o t a l dose i s neg@ible. One c u r i e o f SST Liquids would t h e r e f o r e contain about 0.9016 C i o f Cs and 0.0984 C i o f '"Eu.
The r e s u l t i n g contact dose r a t e from MICROSHIELD was 2.2 x lo2 mSv/hr (2.2 x lo4 mR/hr). Case Title: OS1 P r e f i l t e r -2 x 2 f t F i l t e r -OS1 L i q - 
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